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(57) A stage system includes a first stage movable 
along a reference plane, containing a vertical direction, 
and in the vertical direction or in a first direction close to 
the vertical direction, a second stage movable in a sec- 
ond direction intersecting with the first direction and rel- 
ative to the first stage, a first driving mechanism for mov- 
ing the first stage in the first direction, a second driving 
mechanism for moving the second stage in the second 
direction, a countermass movable in the first direction, 
and a third driving mechanism for moving the counter- 
mass in a direction opposite to the first direction. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] This invention relates to a stage system for use 
in exposure apparatuses for a lithographic process in 
manufacture of semiconductor devices, for example, or 
for use in various precision machining apparatuses or 
various precision measuring instruments, for example. 
In another aspect, the invention is concerned with an 
exposure apparatus with such stage system and/or a 
device manufacturing method using the same. 
[0002] As an exposure apparatus for manufacture of 
semiconductor devices, for example, there is an appa- 
ratus called a stepper. In such stepper, a pattern of an 
original such as a reticle or mask is printed repeatedly 
on a single substrate such as a wafer while moving step- 
wise the substrate relative to a projection optical system, 
for projecting the pattern to the substrate. 
[0003] For a stage system for moving a wafer sub- 
strate stepwise relative to a projection optical system of 
a stepper and for positioning the substrate, a higher pre- 
cision is required due to increasing density of integration 
of semiconductor device. 

[0004] On the other hand, recently, in order to in- 
crease the number of device products obtainable from 
a single wafer, that is, the productivity, the size of wafer 
is increasing. This leads to enlargement in size and 
weight of a stage system in a stepper. In orderto assure 
required precision under such tendency, the dynamic 
characteristic of a stage system should be improved fur- 
ther. The rigidity of guide should be enlarged, for exam- 
ple. However, this results in further enlargement in 
weight of the stage system as a whole. 
[0005] In addition, for reduction of cost of semicon- 
ductor device, it has been required to shorten the expo- 
sure cycle time to increase the throughput. Thus, high 
speed driving of a stage for moving a wafer, for example, 
is desired. However, in orderto increase the speed of a 
large size and heavy weight stage, the rigidity of a sup- 
porting frame for supporting the stage must be en- 
hanced. This results in considerable enlargement in size 
and weight of the whole mechanism as well as increase 
of cost. 

[0006] In X-ray exposure apparatuses which use re- 
cently developed soft X-rays (charged particle accumu- 
lation ring radiation light) as exposure light, a vertical 
type stage for holding a substrate such as a wafer in its 
upstanding position and for moving the substrate step- 
wise two-dimension ally along a vertical reference plane 
or a reference plane close to it, is used. In such vertical 
type stage, in addition to the problems resulting from en- 
largement in size or increase of speed as described, 
there is another problem that: since the stage is to be 
moved in a gravity direction, use of a countermass 
mechanism, for example, is necessary for the weight 
compensation of the stage. However, any vibration of 
such countermass mechanism will cause external dis- 



turbance that degrades wafer positioning precision. 
Thus, the dynamic characteristic of the stage is deteri- 
orated remarkably. 

[0007] Figures 27 and 28 show an example of such 

5 vertical type stage. This stage comprises an X-Y stage 
including a Y stage 1120 which is reciprocally movable 
in Y-axis direction (vertical direction) along a stage base 
1110, mounted on a base 1 1 1 0a, an X stage 1 1 30 which 
is reciprocally movable in X-axis direction along the Y 

10 stage 1120, a cylinder 140 for moving the Y stage 1120 
in Y-axis direction, and a linear motor (not shown) for 
moving the X stage 1 1 30 in X-axis direction. 
[0008] The stage base 1110 has a guiding surface for 
supporting, without contact, the bottom face of the Y 

15 stage 1 1 20 through air pads, for example. At an end of 
the stage base 1110, there is a Y guide (not shown) for 
guiding the Y stage 1 1 20 in Y-axis direction. The Y guide 
and the Y stage 1 1 20 are kept out of contact with each 
other, by means of air pads, for example. 

20 [0009] Weight compensation mechanism 1160 
serves to cancel the weight of the Y stage 1120, the X 
stage 1130 and the wafer (not shown) held by it. The 
mechanism comprises a belt 1 1 62 with the Y stage 1 1 20 
suspended at one end thereof and with a countermass 

25 1161 suspended at another end thereof. The belt ex- 
tends around and is supported by a pulley 1163. The 
weight of the countermass 1161 is set to be balanced 
with the weight of stage movable components, including 
the Y stage 1 1 20, the X stage 1 1 30 and the wafer held 

30 thereby. 

[0010] With this arrangement, however, when the X 
stage moves in X-axis direction upon the Y stage, the 
gravity center position of the stage movable compo- 
nents including the Y-stage and X stage shifts. Thus, the 
35 balance of rotational moment about Z axis (wZ-axis di- 
rection) changes. However, this moment can not be sup- 
ported only by the countermass, and an excessively 
large load is applied to the Y guide (yaw guide) of the Y 
stage. 

40 [0011] In orderto support such large load, the rigidity 
of the Y guide has to be enlarged. However, increasing 
the rigidity of the Y guide necessitates enlargement in 
size of the Y guide, for example. This results in further 
enlargement in size and weight of the stage mechanism 

45 as a whole, and causes degradation of dynamic char- 
acteristic of the stage. Finally, improvement of position- 
ing precision or positioning speed is disturbed. 
[0012] For a belt that connects the stage and the 
countermass, generally a steel belt or wire is used. 

50 When the stage moves, there occurs natural or proper 
vibration of several ten Hz due to insufficiency of rigidity 
of the steel belt or the like. In addition to this, a natural 
vibration of not less than 50 Hz, for example, of the coun- 
termass itself is propagated through the belt to the 

55 stage. These vibrations degrade the stage positioning 
precision, and this is a large bar to improvement of fre- 
quency response characteristic of the positioning con- 
trol system. 
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SUMMARY OF THE INVENTION 

[0013] It is an object of the present invention to pro- 
vide an improved stage system by which dynamic char- 
acteristic of a vertical type stage having a weight com- 
pensation mechanism such as a countermass can be 
improved, whereby enhancement of positioning speed 
and/or positioning precision can be accelerated consid- 
erably without enlargement in size of the mechanism. 
[0014] It is another object of the present invention to 
provide an exposure apparatus and/or a device manu- 
facturing method which uses such stage system as de- 
scribed above. 

[001 5] I n accordance with an aspect of the present in- 
vention, there is provided a stage system, comprising: 
a first stage movable along a reference plane, contain- 
ing a vertical direction, and in the vertical direction or in 
a first direction close to the vertical direction; a second 
stage movable in a second direction intersecting with 
the first direction and relative to the first stage; a first 
driving mechanism for moving the first stage in the first 
direction; a second driving mechanism for moving the 
second stage in the second direction; a countermass 
movable in the first direction; and a third driving mech- 
anism for moving the countermass in a direction oppo- 
site to the first direction. 

[0016] In accordance with another aspect of the 
present invention, there is provided a stage system, 
comprising: a first stage movable along a reference 
plane, containing a vertical direction, and in the vertical 
direction or in a first direction close to the vertical direc- 
tion; a second stage movable in a second direction in- 
tersecting with the first direction and relative to the first 
stage; a countermass movable in the first direction; a 
first driving mechanism for moving the first stage in the 
first direction; and a second driving mechanism for mov- 
ing the second stage in the second direction; wherein 
said first driving mechanism includes a magnet and a 
coil one of which is mounted on one of the first stage 
and the countermass and the other of which is mounted 
on the other of the first stage and the countermass, such 
that the countermass moves in a direction opposite to 
the first stage. 

[0017] In accordance with a further aspect of the 
present invention, there is provided a stage system, 
comprising: a stage movable along a reference plane, 
containing a vertical direction, and in the vertical direc- 
tion or a direction close to the vertical direction; a coun- 
termass, balancing with a weight of the stage; connect- 
ing members for connecting the countermass to the 
stage; a pulley for supporting said connecting members; 
and an anti-vibration mechanism for reducing vibration 
to be propagated from said connecting members to the 
stage. 

[0018] In accordance with a yet further aspect of the 
present invention, there is provided a stage system, 
comprising: a stage movable along a reference plane, 
containing a vertical direction, and in the vertical direc- 



tion or a first direction close to the vertical direction; con- 
necting members connected to the stage; a pulley for 
supporting said connecting members; a motor for rota- 
tionally driving the pulley and for compensating a weight 
5 of the stage; and an anti-vibration mechanism for reduc- 
ing vibration to be propagated from said connecting 
members to the stage. 

[0019] In accordance with a still further aspect of the 
present invention, there is provided a stage system, 
10 comprising: a stage movable along a reference plane, 
containing a vertical direction, and in the vertical direc- 
tion or a direction close to the vertical direction; a coun- 
termass, balancing with a weight of the stage; connect- 
ing members for connecting the countermass to the 
15 stage; a pulley for supporting said connecting members; 
and an actuator for adjusting one of a tension force of 
and an effective length of the connection members. 
[0020] These and other objects, features and advan- 
tages of the present invention will become more appar- 
20 ent upon a consideration of the following description of 
the preferred embodiments of the present invention tak- 
en in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0021] Figure 1 is a schematic and front view of a ver- 
tical type stage system according to a first embodiment 
of the present invention. 

[0022] Figure 2 is a schematic view of a model of a 
30 gravity compensation mechanism in the first embodi- 
ment of the present invention. 

[0023] Figure 3 is a schematic and front view of a ver- 
tical type stage according to a second embodiment of 
the present invention. 
35 [0024] Figure 4 is a schematic view of a model of a 
gravity compensation mechanism in the second embod- 
iment of the present invention. 

[0025] Figure 5 is a schematic and front view of a ver- 
tical type stage system according to a third embodiment 
40 of the present invention. 

[0026] Figure 6 is a schematic and front view of a ver- 
tical type stage system according to a fourth embodi- 
ment of the present invention. 

[0027] Figure 7 is a schematic and front view of a ver- 
45 tical type stage system according to a fifth embodiment 
of the present invention. 

[0028] Figure 8 is a schematic and front view of a ver- 
tical type stage system according to a sixth embodiment 
of the present invention. 
50 [0029] Figure 9 is a schematic and front view of a 
stage system according to a seventh embodiment of the 
present invention. 

[0030] Figures 1 0A and 1 0B are schematic views, re- 
spectively, for explaining a Y guide of Figure 9, wherein 
55 Figure 1 0A is a viewfor explaining bearing rigidity of the 
Y guide and Figure 1 0B shows a section of the Y guide. 
[0031] Figure 1 1 is a schematic view of the stage sys- 
tem of the Figure 9 embodiment, as viewed from the 
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back thereof. 

[0032] Figure 12 is a schematic view of a modified 
form of the Figure 11 embodiment. 
[0033] Figure 1 3 is a schematic viewfor explaining an 
example where a bellowphragm is used as an actuator. 
[0034] Figure 14 is a schematic viewfor explaining an 
example where an air cylinder is used as an actuator. 
[0035] Figure 15 is a schematic viewfor explaining an 
example where a linear motor is used as an actuator. 
[0036] Figure 16 is a schematic viewfor explaining an 
example where a laminated rubber member is used in 
place of an actuator. 

[0037] Figure 17 is a block diagram of a control sys- 
tem for an actuator. 

[0038] Figure 18 is a block diagram of a control sys- 
tem for a linear motor, for driving a countermass. 
[0039] Figure 19 is a graph for explaining frequency 
characteristic of servo rigidity of a positioning control 
system. 

[0040] Figure 20 is a schematic and perspective view 
of a stage system an eighth embodiment of the present 
invention. 

[0041] Figure 21 is a schematic viewfor explaining an 
actuator of the Figure 20 embodiment. 
[0042] Figure 22 is a schematic viewfor explaining ro- 
tary type static bearing used in a bearing portion for a 
pulley. 

[0043] Figure 23 is a schematic and perspective view 
of a stage system according to a ninth embodiment of 
the present invention. 

[0044] Figure 24 is a schematic view of a main portion 
of an X-ray exposure apparatus according to a tenth em- 
bodiment of the present invention. 
[0045] Figure 25 is a flow chart of semiconductor de- 
vice manufacturing processes. 
[0046] Figure 26 is a flow chart of a wafer process. 
[0047] Figures 27 and 28 are schematic views ; re- 
spectively, of a known vertical type stage system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[Embodiment 1] 

[0048] Figure 1 is a schematic and front view of a ver- 
tical type stage system according to a first embodiment 
of the present invention. In this embodiment, the inven- 
tion is applied to a vertical type X-Y stage which is in- 
corporated into an X-ray exposure apparatus using syn- 
chrotron radiation, for supporting a wafer along a vertical 
direction and which is movable along the surface of the 
wafer. The X-Y stage system is provided with inertial 
force applying means and gravity compensating means. 
[0049] Denoted in Figure 1 at 1 is a base for support- 
ing the vertical type stage system, and denoted at 2 is 
an anti-vibration damperfor removing or reducing vibra- 
tion of the base 1 . Denoted at 3 is a stage base which 
is supported by the base 1 and which has a reference 



surface for supporting the stage system. 
[0050] Denoted at 4 is a wafer chuckfor holding a wa- 
fer thereon, and denoted at 5 is a main stage (second 
stage) for supporting the wafer chuck 4 and being mov- 
5 able along the wafer surface (X-Y plane). The main 
stage 5 has an X measurement mirror 6 and Y meas- 
urement mirror 7 fixedly mounted at an end face thereof, 
for providing reflection surfaces for a position measure- 
ment beam. 

[0051] Denoted at 8 is a Y stage guide fixedly mount- 
ed on the stage base 3, and denoted at 9 is a Y stage 
base (first stage) being movable in Y direction with the 
main stage 5 mounted thereon. The Y stage guide 8 
serves to support the Y stage base 9 with respect to X 
direction (second direction) and to guide it with respect 
to Y direction (first direction) without contact thereto. 
[0052] Denoted at 10 is an X stage guide fixedly 
mounted on the Y stage base 9. It serves to support the 
main stage 5 with respect to Y direction and to guide it 
with respect to X direction without contact thereto. 
[0053] This embodiment uses an air bearing mecha- 
nism for non-contact guiding. However, any other mech- 
anism may be used, as long as it can provides a function 
of low friction guiding. 

[0054] Denoted at 51 is a movable element of a linear 
motor (first driving mechanism) for providing a drive in 

Y direction. It is fixedly mounted on the Y stage base 9, 
and is disposed opposed to a linear motor stator (not 
shown) mounted on the Y stage guide 8. The main stage 
5 is provided with a movable element (not shown) of an- 
other linear motor (second driving mechanism) for pro- 
viding a drive in X direction. It is disposed opposed to 
an X linear motor stator 54, mounted on the X stage 
guide 10. 

[0055] Preferably, these linear motors are set so that 
their operational axis, along which the thrust is applied, 
extends through the gravity center of the element to be 
driven thereby. 

[0056] Denoted at 23 is a Y mass member (counter- 
mass) for applying an inertial force in Y direction to the 
stage base 3. Denoted at 24 is a Y mass guide fixedly 
mounted on the stage base, for guiding the Y mass 
member 23 in X direction without contact thereto. As the 

Y mass member 23 moves in Y direction, it functions as 
a Y-direction inertial force applying mechanism. 
[0057] Denoted at 27 is an X mass member (second- 
ary countermass) for applying an inertial force in X di- 
rection to the stage base 3. Denoted at 28 is an X mass 
guide fixedly mounted on the Y stage base 9, for guiding 
the X mass member 27 in X direction without contact 
thereto. As the X mass member 27 moves in X direction, 
it functions as an X-direction inertial force applying 
mechanism. 

[0058] Each of these masses is equipped with a mov- 
able element (not shown) of a linear motor for a drive in 
a predetermined direction, which is disposed opposed 
to the linear motor stator (not shown) provided on the 
corresponding guide, whereby an inertial force applying 
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mechanism is provided. Preferably, these linear motors 
are set so that their operational axis, along which the 
thrust is applied, extends through the gravity center of 
the element to be driven thereby. 
[0059] This embodiment is provided with means for 
compensating a gravity applied to the Y stage, which 
comprises a cylinder mechanism with piston, in this em- 
bodiment. 

[0060] Denoted in Figure 1 at 31 is a cylinder rod (rod 
A) fixedly mounted on the Y stage base 9. An end there- 
of opposite to the Y stage base 9 is supported by a cyl- 
inder piston A32. Denoted at 33 is another cylinder rod 
(rod B) fixedly mounted on the Y mass member. An end 
thereof opposite to the Y mass member 23 is supported 
by a cylinder piston B34. 

[0061] The pistons A32 and B34 have a sealing func- 
tion for a fluid within an air cylinder 35 of coupled struc- 
ture. Thus, through the cylinder mechanism 35, the 
weight of the Y stage base 9 as supported by the piston 
A32 and the weight of the Y mass member 23 as sup- 
ported by the piston B34 are propagated, and they are 
balanced with each other. As a result of this, gravity 
compensation for the Y stage base 9 is accomplished. 
Also ; the cylinder 35 as well as the pistons A32 and B34 
are maintained in non-contact state, for example, to as- 
sure movement with very low friction. 
[0062] Here, the weight of Y stage base corresponds 
to total weight, including the main stage movable in Y 
direction with the Y stage, the X stage guide, the X mass 
member, the X mass guide and the like. Similarly, the 
mass of Y stage base corresponds to total mass, includ- 
ing an element movable in Y direction with the Y stage 
base. Without mentioning otherwise, the same applies 
to other embodiments of the present invention to be de- 
scried later. 

[0063] The sectional area of the piston of the cylinder 
mechanism 35 is determined in consideration of the 
weight of Y stage base 9 and the weight of Y mass mem- 
ber 23. Details of this will be described later. 
[0064] A drive signal for the mass member is pro- 
duced as follows. In the drawing, when the main stage 
5 is to be driven in X direction, the reaction force pro- 
duced at the linear motor stator of the X stage guide as 
the main stage 5 is driven is denoted by F x , while the a 
resultant force of reaction force produced at the stator 
of the linear motor of the X mass gu ide 28 as the X mass 
member 27 of the inertial force applying mechanism is 
driven is denoted by R x . In order that the inertial force 
applying mechanism causes R x active to cancel F x , the 
following equation should be satisfied. 

R x = " F x 

[0065] Here, if the inertial force applying mechanism 
is arranged so that the operational axis of R x is regis- 
tered with the operational axis of drive reaction force F x 
of the main stage 5, no rotational torque is produced at 



the main stage 5. Further, providing plural X mass mem- 
bers 27 will be effective to broaden the latitude for de- 
signing the structure so that the operational axis of the 
drive thrust applied to the main stage 5 extends through 

5 the gravity center position. However, use of plural X 
mass members 27 is not a requisition. 
[0066] Here, when the mass of the main stage is M x 
and the total mass of the X mass member 27 is m x , the 
driving stroke s x for the X mass member 27 can be de- 

10 termined, with respect to the X-direction stroke S x of the 
main stage, by the mass ratio between M x and m x . This 
can be expressed by an equation below. 

15 S x /s x = 1/(M x /m x ) 

[0067] Namely, the ratio of movement amount of them 
displaces relative to the stage base 3, in a proportion 
corresponding to an inverse of the mass ratio. Thus, by 
20 making m x larger, the mass ratio M x /m x becomes small- 
er and, therefore, the driving stroke s x of the X mass 
member can be designed small. Since however the Y- 
direction movement mass including the X mass member 
27 becomes larger, the energy required for Y-direction 
25 movement becomes larger. To the contrary, if s x can be 
designed large, the mass m x of the X mass member 27 
can be made smaller and, therefore, the Y-direction 
movement mass can be made smaller. Therefore, the 
energy required for Y-direction movement is made 
30 smaller. 

[0068] The same applies to Y direction. That is, as the 
Y stage base is driven in Y direction, the Y mass mem- 
ber of the inertial force applying mechanism may be driv- 
en so as to cancel the reaction force produced at the Y 
35 stage guide 8. Since however there is a large influence 
of gravity, in regard to the Y direction, here, description 
will be made only on the function of Y-direction driving 
means, similarly to the case of X direction, on an as- 
sumption that a gravity compensating mechanism act- 
40 ing on the Y stage base 9 or Y mass member 23 is being 
operated such that the effect of gravity applied to the Y 
stage base 9 or the Y mass member 23 can be disre- 
garded. 

[0069] Here, the resultant force of reaction force pro- 
45 duced at the Y stage guide 8 fixed to the stage base 3 
as the Y stage base 9 is to be driven in Y direction is 
denoted by F Y , while the resultant force of reaction force 
produced at the Y mass guide fixed to the stage base 
as the Y mass member 23 of the inertial force applying 
50 mechanism is driven is denoted by R Y . In order that the 
inertial force applying mechanism causes R Y active to 
cancel F Y , the following equation should be satisfied. 

55 R y = _F y 

[0070] Here, if the inertial force applying mechanism 
is arranged so that the operational axis of R Y is regis- 
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tered with the operational axis of drive reaction force F Y , 
no rotational torque is produced at the stage base 3. Fur- 
ther, providing plural Y mass members 23 will be effec- 
tive to broaden the latitude for designing the structure 
so that the operational axis of the drive thrust applied to 
the Y stage base extends through the gravity center po- 
sition. However, use of plural Y mass members 23 is not 
a requisition. 

[0071] Here, when the mass of the Y stage base 9 is 
M Y and the total mass of the Y mass member 23 is m Y , 
the driving stroke s Y for the mass member can be de- 
termined, with respect to the Y-direction stroke S Y of the 
Y-direction movement element, by the mass ratio be- 
tween M Y and m Y . This can be expressed by an equa- 
tion below. 

S y /s Y = 1/(M Y /m Y ) 

[0072] Namely, the ratio of movement amount of them 
displaces relative to the stage base 3, in a proportion 
corresponding to an inverse of the mass ratio. Thus, by 
making m Y larger the mass ratio M Y /m Y becomes small- 
er and, therefore, the driving stroke s Y of the Y mass 
member 23 can be designed small. 
[0073] Next, the balancing relation between Y stage 
base 9 and Y mass member 23 by the cylinder mecha- 
nism 35 as well as the relation between piston sectional 
area and piston movement amount, will be described. 
[0074] Figure 2 shows a model of cylinder mechanism 
which serves as a gravity compensating mechanism, in 
the first embodiment. 

[0075] In the cylinder mechanism 35, when the sec- 
tional areas of the pistons A32 and B34 are denoted by 
a and b, respectively, the relation between the total 
mass m Y of the mass member 23 and the mass M Y of 
the Y stage base 9 supported by the piston A32 can be 
expressed by an equation below. 

a/b = M Y /m Y 

[0076] When the Y stage base 9 or the Y mass mem- 
ber 23 is supported by plural pistons, the amount a or b 
corresponds to the total of piston sectional areas. 
[0077] The ratio of movement amount between the 
pistons A32 and B34 whose sectional areas can be de- 
termined in accordance with the above equation, can be 
determined by an equation below, where S P is the move- 
ment amount of piston A32 and s P is the movement 
amount of piston B34. 

Sp/Sp = 1(a/b) 

[0078] Namely, the sectional area ratio a/b of the pis- 
ton A32 for supporting the weight of the Y stage base 9 
and of the piston B34 for supporting the weight of the Y 



mass member 23, corresponds to an inverse of the 
movement amount ratio between the Y stage base 9 and 
the Y mass member 23. 

[0079] From these equations, it is seen that the move- 
5 ment amount ratio (S Y /s Y ) of the Y mass member 23 
and the Y stage base 9, constituting the stage system 
of this embodiment, and the movement amount ratio 
(S P /Sp) of the pistons A23 and B34 of the piston mech- 
anism (gravity compensating mechanism) are equal to 
10 each other. Because the movement amount ratio is the 
same, the Y mass member 23 and the Y stage base 9, 
constituting the inertial force applying mechanism can 
be connected to the gravity compensating mechanism 
through the cylinder rods A31 and B33. As a result, with 
15 a simple structure, both the inertial force applying mech- 
anism and the gravity compensating mechanism are ac- 
complished in parallel. 

[0080] Here, the ratio in sectional area of the pistons 
A32 and B34 is approximately equal to the mass ratio 

20 of the Y stage base 9 and the Y mass member 23. 
[0081] While in this embodiment an air is used as the 
medium within the cylinder, this is not a requisition. A 
hydraulic cylinder, for example, may be used, as long 
as a similar function is provided. 

25 [0082] In this embodiment, drive reaction force due to 
drive of the main stage in X direction is reduced by 
movement of the X mass member and, as a result, ap- 
plication of vibration to be applied to the base or the 
stage base can be reduced. Additionally, since the main 

30 stage and the X mass member move in opposite direc- 
tions with respect to X direction, at a proportion corre- 
sponding to an inverse of the mass ratio, advantageous- 
ly there occurs substantially no shift of gravity center po- 
sition of the whole stage system. Therefore, deformation 

35 of the base which supports the stage base can be sup- 
pressed. Particularly, in a vertical type stage such as of 
the present embodiment, suppression of a shift of grav- 
ity center position or of a change in reaction force with 
respect to X direction, is very effective to a high speed 

40 and high precision stage system, since it reduces a 
change in load applied to an anti-vibration damper. 
[0083] Further, in this embodiment, reaction force re- 
sulting from drive of the Y stage base in Y direction is 
reduced by movement of the Y mass member and, as 

45 a result, application of vibration to be applied to the base 
or the stage base can be reduced. Additionally, since 
the Y stage base and the Y mass member move in op- 
posite directions with respect to Y direction, at a propor- 
tion corresponding to an inverse of the mass ratio, ad- 

50 vantageously there occurs substantially no shift of grav- 
ity center position of the whole stage system. Therefore, 
deformation of the base which supports the stage base 
can be suppressed. Furthermore, since the weight of the 
Y stage base is compensated by a cylinder mechanism 

55 of coupled structure, both the inertial force applying 
mechanism and the gravity compensating mechanism 
are accomplished in parallel, with a simple structure. 
Thus, stage driving can be performed with less energy 
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and less heat generation. 
[Embodiment 2] 

[0084] Figure 3 is a schematic and front view of a ver- 
tical type stage system according to a second embodi- 
ment of the present invention. The components corre- 
sponding to those of the first embodiment of Figure 1 
are denoted by the same reference numerals. 
[0085] Like the first embodiment, the second embod- 
iment is applied to a vertical type X-Y stage system 
which is equipped with an inertial force applying mech- 
anism and a gravity compensating mechanism. 
[0086] The principle of operation and the manner of 
operation of the main stage or inertial force applying 
mechanism of the second embodiment are essentially 
the same as those of the first embodiment, and descrip- 
tion therefor will be omitted. 

[0087] In the second embodiment, gravity compensa- 
tion is provided by a pulley and belt mechanism, in place 
of the gravity compensation mechanism having a cylin- 
der mechanism. 

[0088] Denoted in Figure 3 at 41 is a belt from which 
a Y mass member 23 and a Y stage 9 are suspended. 
Denoted at 42 is a fixed table which is fixedly mounted 
on a stage base 3. Denoted at 43 is a pulley unit dis- 
posed on the fixed table 42. As seen from the drawing, 
since the belt 41 is wound around the pulley unit 43, the 
pulley unit 43 functions to support the Y stage base 9 
and the Y mass member 23 through the belt 41 . 
[0089] Figure 4 shows a model of pulley unit which is 
a gravity compensating mechanism, in the second em- 
bodiment. 

[0090] Since the pulley unit 43 comprises pulleys 
each having two diameters, use of two belts is neces- 
sary for each pulley. An end of the belt 41 is fixed to the 
pulley, and an end of the other belt is attached to the Y 
stage base 9 or Y mass member 23. 
[0091] In the second embodiment; particularly in re- 
gard to the ratio of pulley diameters of the pulley unit 43, 
the balance of weight between the Y stage base 9 and 
the Y mass member 23 as well as the relation between 
the movement amount of Y stage base 9 and Y mass 
member 23 and the pulley diameter, will be described. 
[0092] Here, the mass of the Y stage base 9 is M Y and 
total mass of the Y mass member 23 is m Y . In the pulley 
unit 43, the diameter of the pulley on which the belt 41 
coupled to the Y stage base 9 is wound is d, and the 
diameter of the pulley on which the belt 41 coupled to 
the Y mass member 23 is wound is e. In this case, for 
balancing the weight of Y stage base 9 and Y mass 
member 23 with the pulley unit 43, the pulley diameter 
ratio d/e of the pulley unit 43 is determined in accord- 
ance with the mass ratio M Y /m Y , and it can be expressed 
by an equation below. 

d/e - 1/(M Y /m Y ) 



[0093] Namely, the ratio of pulley diameters of the pul- 
ley unit 43 corresponds to an inverse of the mass ratio 
between the Y mass member 23 and the Y stage base 
as supported by the pulleys. 

5 [0094] Here, the movement amount S P of the Y stage 
base 9 and the movement amount s P of the Y mass 
member 23 as the pulleys are arranged with this pulley 
diameter ratio, are proportional to the diameters of the 
pulleys to which they are connected, respectively. Thus, 

10 they are expressed by an equation below. 

S p /Sp = d/e 

15 [0095] From these equations, it is seen that the move- 
ment amount ratio (S Y /s Y ) of the Y mass member 23 
and the Y stage base 9, constituting the stage system 
of this embodiment, and the movement amount ratio 
(Sp/s P ) of the Y mass member 23 and the Y stage base 
20 9 of the gravity gravity compensating mechanism, com- 
prising pulley unit 43, are equal to each other. Because 
the movement amount ratio is the same, the Y mass 
member 23 and the Y stage base 9, constituting the in- 
ertial force applying mechanism can be connected to the 
25 pulleys of the gravity compensating mechanism through 
the belt 41 . As a result, with a simple structure, both the 
inertial force applying mechanism and the gravity com- 
pensating mechanism are accomplished in parallel. 
[0096] While in this embodiment the gravity compen- 
30 sating mechanism uses a belt, this is not a requisition. 
A wire may be used, for example, as long as a similar 
effect is attainable. 

[0097] When plural Y mass members 23 are used, 
preferably plural pulley units 43 for supporting the Y 
35 stage base 9 or Y mass member 23 may be used simi- 
larly. 

[0098] In this embodiment, in addition to the effect of 
inertial force applying mechanism of the first embodi- 
ment, there is an effect of the gravity compensating 
40 means comprising belts and pulleys that the drive reac- 
tion force resulting from drive of the Y stage base in Y 
direction is reduced by movement of the Y mass mem- 
ber and ; consequently, application of vibration to the 
base and the stage base is reduced. Furthermore, since 
45 the Y stage base and the Y mass member move in op- 
posite directions with respect to Y direction in a propor- 
tion corresponding to an inverse of the mass ratio of the 
Y stage base and the Y mass member, there occurs sub- 
stantially no shift of gravity center position of the whole 
so stage system. Therefore, deformation of the base for 
supporting the stage base can be suppressed. Addition- 
ally, by compensation of weight of the Y stage through 
pulleys and belts, the stage drive can be made with less 
energy and less heat generation. 

55 

[Embodiment 3] 

[0099] Figure 5 is a schematic and front view of a ver- 
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tical type stage system according to a third embodiment 
of the present invention. The components correspond- 
ing to those of the first embodiment of Figure 1 are de- 
noted by the same reference numerals. 
[0100] Like the first embodiment, the third embodi- 
ment is applied to a vertical type X-Y stage system wh ich 
is equipped with an inertial force applying mechanism 
and a gravity compensating mechanism. 
[0101] The principle of operation and the manner of 
operation of the gravity compensation mechanism of the 
second embodiment, comprising a cylinder mechanism, 
are essentially the same as those of the first embodi- 
ment, and description therefor will be omitted. 
[0102] In the third embodiment, in place of driving a 
main stage and an X mass member independently 
through linear motors mounted on them, respectively, 
the main stage and the X mass member are provided 
with an X magnet unit and an X coil unit by which driving 
in X direction and inertial force application are accom- 
plished. Also, as regard Y direction, a Y magnet unit and 
a Y coil unit are provided on the Y stage base and the 
Y mass member, by which driving in Y direction and in- 
ertial force application are accomplished. 
[0103] Denoted in Figure 5 at 1 is a base for support- 
ing the vertical type stage system, and denoted at 2 is 
an anti-vibration damperfor removing or reducing vibra- 
tion of the base 1 . Denoted at 3 is a stage base support- 
ed by the base 1 , and by this stage base the stage unit 
is fixed. 

[0104] Denoted at 4 is a wafer chuck for holding a wa- 
fer thereon, and denoted at 5 is a main stage (first stage) 
for supporting the wafer chuck 4 and being movable 
along the wafer surface (X-Y plane). The main stage 5 
has an X measurement mirror 6 and Y measurement 
mirror 7 fixedly mounted at an end face thereof, for pro- 
viding reflection surfaces for a position measurement 
beam. 

[0105] Denoted at 8 is a Y stage guide fixedly mount- 
ed on the stage base 3, and denoted at 9 is a Y stage 
base (second stage) being movable in Y direction (sec- 
ond direction) with the main stage 5 mounted thereon. 
The Y stage guide 8 serves to support the Y stage base 
9 with respect to X direction (first direction) and to guide 
it with respect to Y direction without contact thereto. 
[0106] Denoted at 10 is an X stage guide fixedly 
mounted on the Y stage base 9. It serves to support the 
main stage 5 with respect to Y direction and to guide it 
with respect to X direction without contact thereto. 
[0107] This embodiment uses an air bearing mecha- 
nism for non-contact guiding. However, any other mech- 
anism maybe used, as long as it can provides a function 
of low friction guiding. 

[0108] Denoted at 21 is a Y magnet unit (magnet of 
first driving mechanism) mounted on the Y stage base 
9. Denoted at 22 is a Y coil unit (second coil) mounted 
on the Y mass member 23 (countermass). Here, the Y 
magnet unit 21 and the Y coil unit 22 provide a linear 
motor (second mechanism) which functions as moving 



means. Thus, the Y magnet unit and the Y coil unit may 
be disposed reversely. 

[0109] The Y mass member 23 is a mass member 
which is movable in opposite direction to the Y stage 

5 base 9 with respect to the Y direction. Denoted at 24 is 
a Y mass guide fixedly mounted on the stage base, for 
guiding the Y mass member 23 in X direction without 
contact thereto. As the Y mass member 23 moves in Y 
direction, it functions as a Y-direction inertial force ap- 

10 plying mechanism. 

[011 0] Denoted at 25 is an X magnet unit (magnet of 
second driving mechanism) mounted on the main stage 
5. Denoted at 27 is an X coil unit (coil of second driving 
means) mounted on the X mass member 27 (secondary 

15 countermass). Here, the X magnet unit 25 and the X coil 
unit 26 provide a linear motor (second mechanism) 
which functions as moving means. Thus, the X magnet 
unit and the X coil unit may be disposed reversely. 
[0111] The X mass member 27 is a mass member 

20 which is movable in opposite direction to the main stage 
5 with respect to X direction. Denoted at 28 is an X mass 
guide fixedly mounted on the Y stage base 9, for guiding 
the X mass member 27 in X direction without contact 
thereto. As the X mass member 27 moves in X direction, 

25 it functions as an X-direction inertial force applying 
mechanism. 

[0112] Now, driving the main stage 5 in X direction 
with the structure described above, will be explained. As 
a driving signal is applied to the X coil unit 26 through a 

30 drive controller (not shown), X direction thrust is pro- 
duced between the X coil unit 26 and the X magnet unit 
25. Since, however, the main stage on which the X mag- 
net unit 25 is mounted and the X mass member 27 on 
which the Xcoil unit is mounted are both arranged to be 

35 movable in X direction and, additionally, since they are 
guided without contact to minimize the friction, they 
move in opposite directions with respect to X direction. 
[0113] Here, the resultant force of thrust produced 
from the X magnet unit 25 for driving the main stage 5 

40 is denoted by F x , while the a resultant force of thrust 
produced from the X coil unit 26 for driving the X mass 
member 27 is denoted by R x . From the relation of bal- 
ance of force, the following equation applies. 

F x = " R x 

[011 4] Here, if the X magnet unit 25 or the X coil unit 
26 is arranged so that the operational axis of R x extends 
50 through the gravity center position of the main stage 5, 
then F x (main stage driving thrust) operates to pass 
through the gravity center position of the main stage 5. 
Thus, no rotational torque is produced at the main stage 
5. Further, providing plural X mass members will be ef- 
55 fectiveto broaden the latitude for designing the structure 
so that the operational axis of the drive thrust applied to 
the main stage 5 extends through the gravity center po- 
sition. However, use of plural X mass members is not a 
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requisition. 

[0115] Here, when the mass of the main stage 5 is M x 
and the total mass of the X mass member 27 is m X: the 
driving stroke s x for the X mass member 27 can be de- 
termined, with respect to the X-direction stroke S x ofthe 
main stage, by the mass ratio between M x and m x . This 
can be expressed by an equation below. 

S x /s x = 1/(M x /m x ) 

[0116] Namely, the ratio of movement amount of them 
displaces relative to the stage base 3, in a proportion 
corresponding to an inverse of the mass ratio. Thus, by 
making m x larger the mass ratio M x /m x becomes small- 
er and, therefore, the driving stroke s x of the X mass 
member can be designed small. Since however the Y- 
direction movement mass including the X mass member 
27 becomes larger, the energy required for Y-direction 
movement can be made smaller. 
[0117] The same applies to Y direction. That is, as the 

Y stage base is driven in Y direction, the Y mass mem- 
ber is driven. However, there is a large influence of grav- 
ity, in regard to the Y direction. Thus, here, description 
will be made only on the function of Y-direction driving 
means, similarly to the case of X direction, on an as- 
sumption that a gravity compensating mechanism act- 
ing on the Y stage base 9 or Y mass member 23 is being 
operated such that the effect of gravity applied to the Y 
stage base 9 or the Y mass member 23 can be disre- 
garded. 

[0118] As a driving signal is applied to the Y coil unit 
22 through a drive controller (not shown), Y direction 
thrust is produced between the Y coil unit 22 and the Y 
magnet unit 21 . Since, however, the Y stage 9 on which 
the Y magnet unit 21 is mounted and the Y mass mem- 
ber 23 on which the Y coil unit 22 is mounted are both 
arranged to be movable in Y direction and, additionally, 
since they are guided without contact to minimize the 
friction, they move in opposite directions with respect to 

Y direction. 

[0119] Here, the resultant force of thrust produced 
from the Y magnet unit 21 for driving the Y stage base 
9 is denoted by F Y , while the a resultant force of thrust 
produced from the Y coil unit 22 for driving the Y mass 
member 23 is denoted by R Y . From the relation of bal- 
ance of force, the following equation applies. 

F Y = -R Y 

[0120] Here, if the Y magnet unit 21 or the Y coil unit 
22 is arranged so that the operational axis of R Y extends 
through the gravity center position of the whole Y direc- 
tion movement components, including the main stage 5 
and Y stage base 9, then F Y operates to pass through 
the gravity center position of the whole Y direction move- 
ment components. Thus, no rotational torque is pro- 



duced at the stage. Further, providing plural Y mass 
members 23 will be effective to broaden the latitude for 
designing the structure so that the operational axis of 
the drive thrust applied to the Y stage base 9 extends 
s through the gravity center position. However, use of plu- 
ral Y mass members 23 is not a requisition. 
[0121] Here, when the mass of the Y stage base 9 is 
M Y and the total mass of the Y mass member 23 is m Y , 
the driving stroke s Y for the mass member can be de- 
termined, with respect to the Y-direction stroke S Y of the 
Y direction movement elements, by the mass ratio be- 
tween M Y and m Y . This can be expressed by an equa- 
tion below. 

S Y /s Y = 1/(M Y /m Y ) 

[0122] Namely, the ratio of movement amount of them 
displaces relative to the stage base 3, in a proportion 
corresponding to an inverse of the mass ratio. Thus, by 
making m Y larger, the mass ratio M Y /m Y becomes small- 
er and, therefore, the driving stroke sy of the Y mass 
member can be designed small. 

[0123] In this embodiment, with the stage movement, 
the mass member is moved in opposite direction to the 
stage. However, the relation between the movement 
amount of the stage and the movement amount of the 
mass member is similar to that of the first embodiment. 
Therefore, in the third embodiment, as in the first em- 
bodiment, the Y stage base 9 and the Y mass member 
23, constituting the inertial force applying mechanism, 
can be connected to the gravity compensation mecha- 
nism through the cylinder rods A31 and B33. Thus, the 
inertial force applying mechanism and the gravity com- 
pensation mechanism can be accomplished in parallel, 
with a simple structure. 

[0124] Here, the ratio of sectional area between the 
pistons A32 and B34 is substantially the same as the 
mass ratio between the Y stage base 9 and the Y mass 
member 23. 

[0125] In this embodiment, drive reaction force due to 
drive of the main stage in X direction is reduced by 
movement of the X mass member and, as a result, ap- 
plication of vibration to be applied to the base or the 
stage base can be reduced. Additionally, since the main 
stage and the X mass member move in opposite direc- 
tions with respect to X direction, at a proportion corre- 
sponding to an inverse of the mass ratio, advantageous- 
ly there occurs substantially no shift of gravity center po- 
sition of the whole stage system. Therefore, deformation 
of the base which supports the stage base can be sup- 
pressed. Particularly, in a vertical type stage such as of 
the present embodiment, suppression of a shift of grav- 
ity center position or of a change in reaction force with 
respect to X direction, is very effective to a high speed 
and high precision stage system, since it reduces a 
change in load applied to an anti-vibration damper. 
[0126] Further, in this embodiment, reaction force re- 
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suiting from drive of the Y stage base in Y direction is 
reduced by movement of the Y mass member and, as 
a result, application of vibration to be applied to the base 
or the stage base can be reduced. Additionally, since 
the Y stage base and the Y mass member move in op- 
posite directions with respect to Y direction, at a propor- 
tion corresponding to an inverse of the mass ratio, ad- 
vantageously there occurs substantially no shift of grav- 
ity center position of the whole stage system. Therefore, 
deformation of the base which supports the stage base 
can be suppressed. Furthermore, since the weight of the 
Y stage base is compensated by a cylinder mechanism 
of coupled structure, both the inertial force applying 
mechanism and the gravity compensating mechanism 
are accomplished in parallel, with a simple structure. 
Thus, stage driving can be performed with less energy 
and less heat generation. 

[0127] Further, in a case of an X-Y stage having a 
stage base reference surface extending horizontally, 
unlike the vertical stage of the present embodiment, the 
stage or mass member driving mechanism of this em- 
bodiment can be provided. In that occasion, the gravity 
compensating means of this embodiment may be omit- 
ted. 

[Embodiment 4] 

[01 28] Figure 6 is a schematic and front view of a ver- 
tical type stage system according to a forth embodiment 
of the present invention. The components correspond- 
ing to those of the second embodiment of Figure 3 or of 
the third embodiment of Figure 5 are denoted by the 
same reference numerals. 

[0129] Like the preceding embodiment, the fourth em- 
bodiment is applied to a vertical type X-Y stage system 
which is equipped with an inertial force applying mech- 
anism and a gravity compensating mechanism. 
[0130] The principle of operation and the manner of 
operation of the inertial force applying mechanism of the 
fourth embodiment, comprising a magnet unit and a coil 
unit, are essentially the same as those of the third em- 
bodiment, and description therefor will be omitted. Fur- 
ther, the principle of operation and the manner of oper- 
ation of the gravity compensation mechanism, compris- 
ing a pulley unit 43 and a belt 41, are essentially the 
same as those of the second embodiment, and descrip- 
tion therefor will be omitted. 

[0131] In this embodiment, reaction force due to drive 
of the main stage in X direction is reduced by movement 
of the X mass member and, as a result, application of 
vibration to be applied to the base or the stage base can 
be reduced. Additionally, since the main stage and the 
X mass member move in opposite directions with re- 
spect to X direction, at a proportion corresponding to an 
inverse of the mass ratio, advantageously there occurs 
substantially no shift of gravity center position of the 
whole stage system. Therefore, deformation of the base 
which supports the stage base can be suppressed. Par- 



ticularly, in a vertical type stage such as of the present 
embodiment suppression of a shift of gravity center po- 
sition or of a change in reaction force with respect to X 
direction, is very effective to a high speed and high pre- 

5 cision stage system, since it reduces a change in load 
applied to an anti-vibration damper. 
[0132] Further, in this embodiment, reaction force re- 
sulting from drive of the Y stage base in Y direction is 
reduced by movement of the Y mass member and, as 

10 a result, application of vibration to be applied to the base 
or the stage base can be reduced. Additionally, since 
the Y stage base and the Y mass member move in op- 
posite directions with respect to Y direction, at a propor- 
tion corresponding to an inverse of the mass ratio, ad- 

15 vantageously there occurs substantially no shift of grav- 
ity center position of the whole stage system. Therefore, 
deformation of the base which supports the stage base 
can be suppressed. Furthermore, since the weight of the 
Y stage base is compensated by a gravity compensation 

20 mechanism comprising belts and a pulley units, both the 
inertial force applying mechanism and the gravity com- 
pensating mechanism are accomplished in parallel, with 
asimple structure. Thus, stage driving can be performed 
with less energy and less heat generation. 

25 

[Embodiment 5] 

[01 33] Figure 7 is a schematic and front view of a ver- 
tical type stage system according to a fifth embodiment 
30 of the present invention. The components correspond- 
ing to those of the first embodiment of Figure 1 are de- 
noted by the same reference numerals. 
[0134] Like the first embodiment, the fifth embodiment 
is applied to a vertical type X-Y stage system which is 
35 equipped with an inertial force applying mechanism and 
a gravity compensating mechanism. 
[0135] The principle of operation and the manner of 
operation of the inertial force applying mechanism of the 
fifth embodiment are essentially the same as those of 
40 the first embodiment, and description therefor will be 
omitted. 

[0136] This embodiment uses a cylinder mechanism 
with piston, for the gravity compensation mechanism. 
However, as compared with the embodiment described 
45 hereinbefore, a piston for supporting the Y stage base 
and a piston for supporting the Y mass member are pro- 
vided by independent cylinder mechanisms, such that 
gravity compensation for these members is performed 
separately. 

50 [0137] Denoted in Figure 7 at 31 is a cylinder rod (rod 
A) connected to the Y stage base. An end thereof op- 
posite to the Y stage base 9 is supported by a cylinder 
piston A32. Denoted at 33 is a cylinder rod (rod B) con- 
nected to the Y mass member 23. An end thereof oppo- 
55 site to the Y mass member 23 is supported by a cylinder 
piston B34. 

[0138] Piston A of the gravity compensation mecha- 
nism (stage gravity compensation mechanism) for per- 
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forming gravity compensation for the Y stage base 9, 
provides a sealing function to the fluid within an air cyl- 
inder A36. A gravity compensation controller (not 
shown) calculates a thrust level to be applied to the cyl- 
inder A36, and athrust level signal is applied to a control 
valve (not shown) of the cylinder. On the basis of an 
electric current corresponding to the designated thrust 
level, the control valve operates to change the pressure 
or volume of the fluid within the cylinder A, to thereby 
adjust the thrust of the piston A32. The piston A32 is 
connected to the cylinder rod A31, and it applies a Y 
direction thrust to the stage base 9. Through the control 
of thrust of the cylinder mechanism 36, the weight of the 
Y stage base 9 is balanced with the thrust of the cylinder 
A36. 

[01 39] Similarly, the piston B34 of the gravity compen- 
sation mechanism for performing gravity compensation 
for the Y mass member 23, provides a sealing function 
to the fluid within an air cylinder B37. On the basis of a 
thrust level designated by a gravity compensation con- 
troller (not shown), a control valve is controlled to 
change the pressure or volume of the fluid within the 
cylinder B, to thereby adjust the thrust of the piston B37. 
In this case, the weight of the Y stage base 9 is balanced 
with the thrust of the cylinder B37. 
[0140] As a result, gravity compensation for the Y 
stage base 9 and the Y mass member is accomplished. 
The cylinder A and piston A as well as the cylinder B 
and piston B are maintained without contact, to assure 
movement with very low friction. 

[0141] In this embodiment, the gravity compensation 
for the Y stage base and the gravity compensation for 
the Y mass member can be performed independently of 
each other. Therefore, the thrust of piston of the cylinder 
mechanism performing the gravity compensation may 
be used as an energy for drive. Since the Y stage base 
and the Y mass member can be driven independently 
of each other, in addition to reduction of stage reaction 
force by the inertial force applying mechanism, there is 
an advantage that any vibration produced at the Y stage 
base due to external disturbance can be canceled. Fur- 
ther, there is no limitation to the sectional area ratio be- 
tween the pistons A and B, as in the first embodiment. 
The latitude of design can be expanded more. Further- 
more, it is possible to meet a change in mass of the Y 
stage base, when a wafer is placed on the stage. 

[Embodiment 6] 

[01 42] Figure 8 is a schematic and front view of a ver- 
tical type stage system according to a sixth embodiment 
of the present invention. The components correspond- 
ing to those of the third embodiment of Figure 5 or of the 
fifth embodiment of Figure 7 are denoted by the same 
reference numerals. 

[0143] Like the preceding embodiment, the sixth em- 
bodiment is applied to a vertical type X-Y stage system 
which is equipped with an inertial force applying mech- 



anism and a gravity compensating mechanism. 
[0144] This embodiment comprises an X direction 
(second direction) inertial force applying mechanism 
having an X magnet unit 25 (magnet of second driving 

5 mechanism) and an X coil unit 26 (coil of second driving 
mechanism) mounted on the main stage 5 (second 
stage) and the X mass member 27 (secondary counter- 
mass), respectively, as well as a Y direction (first direc- 
tion) inertial force applying mechanism having a Y mag- 

10 net unit 21 (magnet of first driving mechanism) and Y 
coil unit 22 (coil of first driving mechanism) mounted on 
the Y stage base 9 (first stage) and the Y mass member 
23 (countermass), respectively. The principle of opera- 
tion and the manner of operation of these inertial force 

15 applying mechanisms are essentially the same as those 
of the third embodiment, and description therefor will be 
omitted. 

[0145] In accordance with this embodiment, in addi- 
tion to the advantageous effects of the third embodi- 

20 ment, there is an advantage that, in regard to the pistons 
A and B for supporting the Y stage base and the Y mass 
member, there is no limitation to the sectional area ratio 
therebetween. Thus, the latitude of design can be ex- 
panded more. Furthermore, it is possible to meet a 

25 change in mass of the Y stage base, when a wafer is 
placed on the stage. 

[Embodiment 7] 

30 [0146] Figure 9 illustrates a stage system according 
to a seventh embodiment of the present invention. The 
stage system comprises an X-Y stage which includes: 
a Y stage 120 being reciprocally movable in Y-axis di- 
rection (vertical direction or a direction close to it), along 
35 a stage base 1 1 0 mounted on a base plate (not shown); 
an X stage 1 30 being reciprocally movable in X-axis di- 
rection along the Y stage 120; a pair of Y linear motors 
140 which serve as first driving means for moving the Y 
stage 1 20 in Y-axis direction; and an X linear motor 1 50 
40 which serves as second driving means for moving the 
X stage 1 30 in X-axis direction. In the illustration of Fig- 
ure 9, for explanation of a Y guide 11 (to be described 
later), one of the Y linear motors 140 placed at the left- 
hand side is omitted. 
45 [0147] The stage base 110 has an X-Y guiding sur- 
face 110a which provides a reference surface, extend- 
ing in a vertical direction or a direction close to it, for 
non-contact support of the bottom face of the X stage 
1 30 and the Y stage 1 20 through a static bearing device 
50 (not shown) having air pads, for example. At an end of 
the stage base 1 1 0 in X-axis direction, there is a Y guide 
111 (broken line) which serves as a yaw guide for guid- 
ing the Y stage 120 in Y-axis direction. The Y guiding 
surface 1 1 1 a of the Y guide 111 and the Y stage 1 20 are 
55 kept out of contact with each other, by means of air pads 
1 20, for example, of the yaw guide static bearing device. 
When both of the Y linear motors 140 are actuated, the 
Y stage 1 20 moves along the Y guide 111, over the X- 
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Y guiding surface 1 1 0a of the stage base 1 1 0. 
[0148] The Y stage 120 is provided by a frame-like 
structure comprising a pair of Y sliders 121 and 122 as 
well as an X linear motor stator 152 having opposite 
ends supported by the sliders. The bottom faces of 
these Y sliders 121 and 122 are opposed to the X-Y 
guiding surface 110a of the stage base 110, and they 
are supported without contact, by means of the air pads, 
for example, as described above. The length of the Y 
slider 1 22 on the left-hand side as viewed in the drawing, 
is longer than the other. Its side face 122a is opposed 
to the Y guiding face 111a of the Y guide 111, and it is 
guided without contact, by use of air pads 1 20a (see Fig- 
ure 10B), for example, as described above. The Y slid- 
ers 121 and 122 are integrally connected to a Y linear 
motor movable element 1 41 , through a connecting plate 
123. 

[0149] The X stage 130 comprises a hollow plate 
member having a top plate 1 31 . An X linear motor stator 
152 extends through this hollow portion of the X stage. 
The top face of the top plate 1 31 provides a work stage 
for holding, by attraction, a wafer (workpiece) not 
shown. 

[0150] The Y linear motors 140 include Y linear motor 
movable elements 141, coupled integrally to the Y slid- 
ers 121 and 122, respectively, of the Y stage 120 
through the connecting plate 123 as described, as well 
as Y linear motor stators 142 extending through aper- 
tures of them. 

[0151] In response toan electric current appliedtothe 

Y linear motor stators 142, a thrust in Y-axis direction is 
produced at respective Y linear motor movable ele- 
ments 141 , by which the Y stage 120 and the X stage 
130 are moved in Y-axis direction. 

[0152] The X linear motor movable element for mov- 
ing the X stage 1 30 in X-axis direction, along the Y stage 
1 20, is fixedly mounted on the inside face of the top plate 
131. 

[01 53] I n response to an electric current applied to the 
X linear motor stator 152, a thrust in X-axis direction is 
produced at the X linear motor movable element, by 
which the X stage 130 is moved in X-axis direction and 
along the Y linear motor stator 152. 
[0154] A countermass mechanism 160 serves as a 
weight compensation mechanism for cancelling the 
weight of the Y stage 120, X stage 1 30 and the like. It 
comprises belts 162 which are connecting members 
having the Y sliders 1 21 and 1 22 (i.e. , Y stage 1 20) sus- 
pended at one end and having a countermass 161 sus- 
pended at the other end, as well as pulleys 1 63 around 
which the belts are wound and supported. The weight 
of the countermass 1 61 is set so that is is balanced with 
the total weight of the whole stage movable compo- 
nents, including the Y stage 120, the X stage 130 and 
a wafer held thereby. 

[0155] As the X stage 1 30 moves in X-axis direction, 
the gravity center position of the stage movable ele- 
ments including the Y stage 120 and the X stage 130 



displaces. Thus, the balance of rotational moment about 
Z axis (wZ-axis direction) changes. However this mo- 
ment can not be supported only by the countermass 
mechanism 160, and an excessively large load is ap- 

5 plied to the Y guide (yaw guide) 111 of the Y stage 120. 
[0156] In order to support such large load, the rigidity 
of the Y guide 1 1 1 has to be enlarged. However, increas- 
ing the rigidity of the Y guide 111 necessitates enlarge- 
ment in size of the Y guide 1 1 1 , for example. This results 

10 in further enlargement in size and weight of the stage 
mechanism as a whole, and causes degradation of dy- 
namic characteristic of the stage. Finally, improvement 
of positioning precision or positioning speed is dis- 
turbed. 

15 [0157] For the belt that connects the Y stage 120 and 
the countermass 161, generally a steel belt or steel wire 
is used. When the Y stage 1 20 moves, there occurs nat- 
ural or proper vibration due to insufficiency of rigidity of 
the steel belt or the like. In addition to this, natural vibra- 
to tion of the countermass 1 61 itself is propagated through 
the belt 62 to the Y stage 1 20. These vibrations degrade 
the stage positioning precision considerably and this is 
a large bar to improvement of frequency response char- 
acteristic of the positioning control system. 
25 [0158] In order to avoid vibration propagation from the 
belts 1 62 to the Y stage 1 20 and also to totally solve the 
problems attributable to rotational moment as de- 
scribed, actuators 170 are provided at connections be- 
tween the Y stage 120 and the belts 162, which actua- 
te tors have a function as anti-vibration means and which 
are operable to adjust the tension or effective length of 
each belt 162 in accordance with the displacement of 
the X stage 1 30. As shown in Figures 13-15, each ac- 
tuator 170 may comprise a bellowphragm (air spring) 
35 171 for controlling the tension of the belt 1 62, an air cyl- 
inder 172, or a linear motor 173, for example. Alterna- 
tively, it may comprise a laminated or accumulated rub- 
ber member 174 (Figure 16) which is an elastic member 
for resiliently coupling the belt 1 62 and the Y stage 1 20 
40 with each other. 

[0159] The drive amounts of the actuators 170 for re- 
spective belts 162, from which the Y sliders 121 sus- 
pend, are controlled independently of each other on the 
basis of the positional information regarding the X stage 
45 1 30. By this, tension or effective length of each belt 1 62 
can be adjusted. In this manner, rotational moment pro- 
duced with the movement of the X stage 1 30 can be 
canceled or compensated and, by this, loads to be ap- 
plied from the Y stage 120 to the Y guide 111 can be 
50 reduced. 

[0160] The bellowphragm 171 , the air cylinder 172 or 
the linear motor 173 has an anti-vibration function, and 
thus it serves to absorb and attenuate natural vibration 
resulting from insufficient rigidity of the belt 1 62, or nat- 
55 ural vibration of the countermass 161. Namely, by 
means of the actuators 170, vibration propagation from 
the belts 1 62 to the Y stage 1 20 can be prevented, such 
that positioning precision or frequency response char- 
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acteristic of the positioning control system can be im- 
proved significantly. 

[0161] The laminated rubber member 174 of Figure 
16 may not have an effect of rotational moment correc- 
tion to the Y stage 120. However it provides a function 
for effectively absorbing vibration to be propagated from 
the belt 1 62 to the Y stage 1 20. 

[0162] As described above ; the guiding face 111a of 
the Y guide 111 and the Y stage 120 (Y slider 122) op- 
posed to it are kept without contact with each other, by 
means of the air pads 120a. In addition to the air pads 
120a, the Y stage 120 is equipped with magnetic pads 
120b which serve to apply a preload in opposite direc- 
tion to the air pads 120a, to thereby produce bearing 
rigidity k-| shown in Figure 10A. 

[0163] Further, as shown in Figure 11, in parallel to 
the Y guide 111, there is a countermass yaw guide 1 64 
at the back of the stage base 110. The countermass yaw 
guide 164 is disposed opposed to air pads 161a and 
magnetic pads 161b which serve as a countermass yaw 
guide static bearing device, provided at one end of the 
countermass 161. By means of these pads, the coun- 
termass 161 is guided in Y-axis direction, without con- 
tact. The magnetic pads 161b of the countermass 161 
serve to apply a preload in opposite direction to the air 
pads 161a, whereby a bearing rigidity k 2 (Figure 10A) 
which is larger than the bearing rigidity k-| on the Y stage 
120 side, is produced. 

[01 64] The bearing rigidity k 2 of the countermass yaw 
guide 164 is made larger than the bearing rigidity k-, of 
the Y guide 1 1 1 as described. This is to assure that the 
influence of rotational moment, produced as the gravity 
center position of the Y stage 1 20 shifts with movement 
of the X stage 1 30 in X-axis direction, is received by the 
countermass 164 to thereby reduce the rotational mo- 
ment to be applied to the Y stage 120. 
[01 65] The position of the X stage 1 30 with respect to 
Y-axis direction and X-axis direction can be measured 
by using position sensors 130c and 130d, respectively, 
for receiving reflection light from a Y measurement mir- 
ror 130a and an X measurement mirror 130b, integral 
with the X stage 1 30. 

[0166] Next, a case where each actuator 170 com- 
prises a bellowphragm 171 shown in Figure 13, will be 
explained. The bellowphragm 171 includes a bellows 
171 b having an air supply port 171a. The upper end of 
the bellows 171b iscoupledtoafirst housing 171c which 
is integral with the Y stage 120. The lower end of the 
bellows 171b is connected to a second housing 1 71 d, 
connected to the lower end of the belt 1 62. By changing 
the pressure of air to be supplied to the air supply port 
171a, the air pressure within the bellows 171b is 
changed, such that the tension of the belt 162 is 
changed. 

[0167] Through the damper effect of the air pressure 
within the bellows 171b, vibration propagation from the 
belt 162 to the Y stage 120 can be effectively reduced 
or prevented. 



[0168] Figure 17 is a block diagram of a control sys- 
tem for controlling the inside air pressure of the bellows 
171b, on the basis of positional information of the X 
stage 130 in X-axis direction. Serve system for control- 
s ling X linear motor 1 50 controls the drive amount of the 
X linear motor 1 50, on the basis of a position designation 
value supplied thereto from a computer (not shown) and 
of positional information of the X stage 1 30 in X-axis di- 
rection as fed back from the position sensor 130d. The 
position designation value described above is kp trans- 
formed, and the result is supplied to a controller 171a 
(control means) together with a pressure designation 
value of a bellowphragm control system. In response, a 
servo valve connected to the air supply inlet 1 71 a of the 
bellowphragm 171 is adjusted, whereby the inside air 
pressure within the bellows 171b is controlled. 
[0169] The position designation value of the X stage 
130 is multiplied by a conversion coefficient kp and a 
pressure designation value of the bellowphragm control 
system is added. Then, as the gravity position of the 
stage movable portion shifts, inside pressure of each 
bellows 1 71 is changed to adjust the tension of each belt 
162. In this manner, the tensions of belts 162 are adjust- 
ed individually. This produces rotational moment oppo- 
site to the rotational moment, produced with the move- 
ment of the X stage 1 30. As a result, loads to be applied 
to the Y guide 1 1 1 are reduced. 
[0170] Since the load applied to the Y guide 111 can 
be reduced remarkably through the moment correction 
described above, dynamic characteristic of the stage 
can be improved largely without enlargement in size or 
weight of the Y guide 1 1 1 . It is therefore possible to meet 
improvement of speed and precision of stepwise motion 
and positioning. 

[0171] Next, anti-vibration effect of the actuator 170 
comprising bellowphragm 171 , air cylinder 172 or linear 
motor 173, for example, or of an elastic member such 
as a laminated rubber member 174, will be explained in 
greater detail. 

[0172] In an positioning control system for controlling 

Y linear motor 1 40 or X linear motor 1 50 for driving the 

Y stage 120 or X stage 130, generally PID (Proportion 
Kp : Integration Ki and Differentiation Kd) operation is 
performed, and, as shown in the graph of Figure 1 9, gain 
adjustment is made so that the gain crossover frequen- 
cy with which the servo rigidity Ad/Ae becomes lowest 
is set to about 100 Hz. 

[0173] In a case where no actuator or no laminated 
rubber member is added, if, as a result of resonance of 
a belt and a countermass suspending therefrom, for ex- 
ample, vibration of 30 Hz enters the positioning control 
system as external disturbance, then, because of low 
servo rigidity about several ten Hz (Figure 1 9) the work 
stage for holding a wafer will be oscillated largely. 
[0174] On the other hand, if vibration at several ten 
Hz propagated from the belt is removed by using anti- 
vibration means such as an actuator or laminated rub- 
ber, only vibration of 1 Hz, for example, will be transmit- 
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ted to the work stage. If there is only external distur- 
bance of low frequency as a few Hz, because of high 
servo rigidity of the positioning control system, the dy- 
namic characteristic would not be degraded. 
[01 75] I mproving the dynamic characteristic of a small 
size and high performance stage system largely as de- 
scribed above, significantly contributes to reduction in 
size and enhancement of performance and productivity 
of an exposure apparatus for manufacture of semicon- 
ductor devices, for example. 

[0176] When each actuator 1 20 comprises an air cyl- 
inder 172 (Figure 14) in place of bellowphragm 171 , the 
following applies. The cylinder 172b having an air supply 
port 1 72a is made integral with the Y stage 1 20. The belt 
162 has its lower end connected to the piston 172c. By 
changing the pressure of air to be supplied to the air 
supply inlet 1 72a, the tension of the belt 1 62 is adjusted. 
A control system for controlling the air pressure of the 
cylinder 172b may be similar to that shown in Figure 17. 
[0177] When each actuator 170 comprises a linear 
motor 173 shown in Figure 15, thefollowing applies. The 
coil 173a of the linear motor 173 is integral with the Y 
stage 1 20, and the belt 1 62 has its lower end connected 
to a driving magnet 173b. By changing an electric cur- 
rent to be applied to the coil 1 73a, the tension of the belt 
1 62 is adjusted. A control system for controlling the elec- 
tric current to be supplied to the coil 1 73a may be similar 
to that of Figure 17. 

[0178] The laminated rubber member 174 shown in 
Figure 16 has its upper end connected to a housing 
174a which is integral with the Y stage 120. The lower 
end of the rubber member 1 74 is supported by a housing 
174b, connected to the belt 162. Through elastic change 
in thickness of the laminated rubber member 1 74, vibra- 
tion propagation from the belt 1 62 to the Y stage 1 20 is 
prevented. 

[0179] In the structure shown in Figure 16, the lami- 
nated rubber member 174 may be replaced by a piezo- 
electric device which can function as an actuator. In that 
occasion, the housing 1 74a supporting the upper end of 
the piezoelectric device may be integral with the Y stage 
1 20, while a housing 1 74b for supporting the lower end 
of the piezoelectric device 1 74 may be connected to the 
lower end of the belt 162. By changing an electric volt- 
age to be applied to the piezoelectric device, the thick- 
ness thereof is changed to adjust the effective length of 
the belt 162. A control system for controlling the electric 
voltage to be supplied to the piezoelectric device may 
be similar to that of Figure 1 7. 

[0180] It is to be noted that, even through rotational 
moment correction of the Y stage 120 by actuators 170 
or through reduction of vibration propagation to the Y 
stage 120 through belts 162, it may be still difficult to 
completely avoid vibration propagation from the coun- 
termass 161 to the Y stage 120. While such vibration 
may be of low frequency as a few Hz, for further im- 
provement of positioning precision and for attainment of 
higher speed, it may be undesirable. 



[0181] In consideration of this, third driving means 
comprising a pair of linear motors 180 (Figure 12) may 
preferably be added to accelerate the countermass 1 61 
in opposite direction to the Y stage 1 20, to thereby sup- 

5 press the natural vibration of the countermass 161. The 
linear motors 180 may be provided at opposite ends of 
the countermass 161 , and they may be disposed at the 
back of the Y linear motor 140 for moving the Y stage 
120 in Y-axis direction. 

10 [0182] Each linear motor 180 is provided with a linear 
motor movable element 181 integral with the counter- 
mass 1 61 , which element is movable along a linear mo- 
tor stator 1 82 provided at a side edge of the stage base 
110. By controlling electric current to be supplied to the 

15 linear motor stator 1 82, acceleration of the countermass 
161 in Y-axis direction can be adjusted to one having 
the same absolute value as and in opposite direction to 
the acceleration as provided by the Y linear motor 140 
to the Y stage 120. By doing so, it is possible to sub- 

20 stantially completely remove external disturbance due 
to natural vibration of the countermass 161. A control 
system for the linear motor 180 for driving the counter- 
mass 161 will be described later with reference to the 
block diagram of Figure 18. 

25 [0183] Through attenuation of vibration propagation 
to the Y stage 120 from the countermass mechanism 
160 including belts 162 by the actuators 170 and 
through reduction of natural vibration of the counter- 
mass 1 61 , external disturbance of the control system of 

30 the Y stage 120 can be removed very effectively. This 
contributes to further improvement of positioning preci- 
sion and positioning speed. 

[0184] Figure 18 shows a control system for linear 
motors 180, for driving the countermass 161 in Y-axis 

35 direction. Servo system for controlling the Y linear motor 
140 controls the driving amount of the Y linear motor 
1 40 on the basis of a position designation value as sup- 
plied from a computer (not shown) and of positional in- 
formation of the Y stage 120 in Y-axis direction as fed 

40 back from the position sensor 130c. Also : the position 
designation value is applied to the linear motor 180 of 
the countermass 161, as an acceleration designation 
value being twice differentiated and kp converted. Only 
with the addition of such a simple control system as de- 

45 scribed above, the driving amounts of the Y stage 120 
and of the countermass 161 can be controlled synchro- 
nously. 

[Embodiment 8] 

50 

[0185] Figure 20 shows an eighth embodiment of the 
present invention. In this embodiment, in place of pro- 
vision of actuators 170 at the connections between the 
Y stage 120 and the belts 162, actuators 180 are pro- 
55 vided at the bearing portion (supporting portion) of pul- 
leys 163 disposed at the top of the stage base 110. As 
shown in Figure 21, each actuator 180 comprises bel- 
lowphragms 181 provided between the stage base 110 
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and a bearing base 1 63b on which a rolling bearing 1 63a 
for rotatably supporting the pulley 163 is mounted. The 
inside structure of the bellowphragm 181 may be similar 
to that of the bellowphragm 171 of Figure 13. It is con- 
trolled with a control system similar to that of Figure 1 7. 
[0186] In place of the bellowphragm, an air cylinder, 
a linear motor, or a laminated rubber member such as 
shown in Figures 14-16 may be used. 
[0187] As regards stage base 110, Y guide 111, Y 
stage 1 20, X stage 1 30, Y linear motor 1 40, X linear mo- 
tor 150, countermass mechanism 160 and so on, they 
may be similar to those of the seventh embodiment. De- 
scription therefor will be omitted, by assigning corre- 
sponding reference numerals to them. 
[0188] As described above, an actuator or elastic 
member (laminated rubber member) for adjusting the 
tension or effective length of the belt may be provided 
at the support of the pulley. Also, similar actuator means 
may be provided at the connection between the coun- 
termass and the belt at the back of the stage base, with 
a similar advantage of effective correction or prevention 
of rotational moment. 

[0189] As a further alternative, in place of the rolling 
bearing 163a of Figure 21 , a rotary type static pressure 
bearing 1 90 shown in Figure 22 may be used to rotatably 
support the pulley 163. The rotary type static bearing 
1 90 comprises a pair of bearing members 1 90a for sup- 
porting the bearing portion of the pulley 1 63 with respect 
to a radial direction and a thrust direction, without con- 
tact thereto. It serves to resiliently change the height of 
the pulley 163 within the range as determined by the 
bearing gap 1 90b of the bearing member 1 90a. With the 
damper effect as described, vibration propagation from 
the belt 1 62 to the Y stage 1 20 can be prevented. 

[Embodiment 9] 

[0190] Figure 23 shows a ninth embodiment of the 
present invention. In this embodiment, in place of the 
countermass 161 of the seventh and eights embodi- 
ments, a weight compensation mechanism 200 is used 
wherein a pulley 263 is rotationally driven by a weight 
compensation motor 203 which produces a torque that 
balances with the weight of stage movable portion, in- 
cluding the Y stage 120 and X stage 130. More specif- 
ically, each motor 203 rotates the pulley 263 to wind up 
the belt 262, to thereby cancel the weight of the stage 
movable portion. 

[0191] Each of the belts 262 and the Y stage 202 (Y 
slider 221 ) are connected to each other through an ac- 
tuator 210 (anti-vibration means). 
[0192] As regards stage base 210, Y guide 211, Y 
stage 220, X stage 230, Y linear motor 240, X linear mo- 
tor 250 and so on, they may be similar to those of the 
first embodiment, and description therefor will be omit- 
ted. 

[0193] As for actuators 210, a bellowphragm 171, an 
air cylinder 1 72 or a linear motor 1 73 shown in Figures 



13-15 may be used. In place of the actuator 210, an 
elastic member such as rubber member 174 of Figure 
16 or a piezoelectric device may be used. 
[0194] In a weight compensation mechanism without 

5 countermass, if the Y stage is suspended by using a 
connecting member such as a belt, natural vibration of 
the belt will become a factor for deteriorating the dynam- 
ic characteristic of the stage. Thus, like the seventh or 
eighth embodiment, an actuator or elastic member hav- 

10 ing an anti-vibration function may be added. This largely 
contributes to improvement of speed and precision of 
the stage system. 

[0195] The actuators may be controlled on the basis 
of positional information about the X stage to perform 
15 rotational moment correction, similarly to the seventh 
and eighth embodiments. 

[0196] The actuator or elastic member (rubber mem- 
ber) may be provided at the connection between the Y 
stage and the belt, as shown in Figure 23. Alternatively, 
20 it may be provided at the support for the bearing portion 
of the pulley. 

[0197] As a further alternative, an elastic member 
such as a laminated rubber member may be provided 
on the surface of a pulley for winding the belt, to thereby 
25 absorb belt vibration. 

[Embodiment 10] 

[01 98] Next, an embodiment of X-ray exposure appa- 
30 ratus which uses a stage system according to any one 
of the preceding embodiments, will be explained. Figure 
24 is a schematic view of an X-ray exposure apparatus 
according to an embodiment of the present invention. 
Synchrotron radiation light emitted from a synchrotron 
35 radiation producing device 301 (X-ray source) impinges 
on a mirror 302 disposed at a predetermined distance 
from the light emission point. The mirror 302 has a con- 
vex surface shape, and it expands the synchrotron ra- 
diation light of sheet-like beam from the synchrotron ra- 
40 diation source 301 . Although only one mirror is illustrat- 
ed, plural mirrors may be used for expansion of the syn- 
chrotron radiation. The synchrotron radiation light re- 
flected by the mirror passes through a transmission type 
mask M (original) having a pattern of X-ray absorptive 
45 material, formed on an X-ray transmissive film, by which 
the light is transformed into a desired pattern shape and 
is projected on a substrate W (wafer). The wafer is coat- 
ed with a resist material (photosensitive material). The 
wafer Wis held by a wafer chuck 303 of a stage system, 
50 according to any one of the preceding embodiments of 
the present invention described above. The wafer chuck 
303 is mounted on a main stage (not shown). Disposed 
upstream of the mask M is a shutter 304 for controlling 
exposure time over the whole exposure region. The 
55 shutter 304 is actuated by a shutter driving unit 304a 
which is controlled by a shutter control unit 304b. A be- 
ryllium film (not shown) is provided between the mirror 
302 and the shutter 304. The mirror side of this beryllium 
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scope of the following claims. 



Claims 

5 

1. A stage system, comprising: 

a first stage movable along a reference plane, 
containing a vertical direction, and in the verti- 
go cal direction or in a first direction close to the 
vertical direction; 

a second stage movable in a second direction 
intersecting with the first direction and relative 
to the first stage; 

15 a first driving mechanism for moving the first 

stage in the first direction; 
a second driving mechanism for moving the 
second stage in the second direction; 
a countermass movable in the first direction; 

20 and 

a third driving mechanism for moving the coun- 
termass in a direction opposite to the first direc- 
tion. 

25 2. A stage mechanism according to Claim 1, further 
comprising a secondary countermass and a fourth 
driving mechanism for moving the secondary coun- 
termass in a direction opposite to the second direc- 
tion. 

30 

3. A stage mechanism according to Claim 1 , wherein 
each of said first and second driving mechanisms 
comprises a linear motor. 



film is maintained at super vacuum, while the shutter 
side thereof is maintained at reduced pressure He. 
[0199] In accordance with this embodiment of the 
present invention, an exposure apparatus which meets 
increases of speed and precision is provided. 

[Embodiment 11] 

[0200] Next, an embodiment of device manufacturing 
method which uses an exposure apparatus such as de- 
scribed above, will be explained. 
[0201] Figure 25 is a flow chart of procedure for man- 
ufacture of microdevices such as semiconductor chips 
(e.g. ICs or LSIs), liquid crystal panels, CCDs, thin film 
magnetic heads or micro-machines, for example. Step 
1 is a design process for designing a circuit of a semi- 
conductor device. Step 2 is a process for making a mask 
on the basis of the circuit pattern design. Step 3 is a 
process for preparing a wafer by using a material such 
as silicon. Step 4 is a wafer process which is called a 
pre-process wherein, by using the so prepared mask 
and wafer, circuits are practically formed on the wafer 
through lithography. Step 5 subsequent to this is an as- 
sembling step which is called a post-process wherein 
the wafer having been processed by step 4 is formed 
into semiconductor chips. This step includes assem- 
bling (dicing and bonding) process and packaging (chip 
sealing) process. Step 6 is an inspection step wherein 
operation check, durability check and so on for the sem- 
iconductor devices provided by step 5, are carried out. 
With these processes, semiconductor devices are com- 
pleted and they are shipped (step 7). 
[0202] Figure 26 is a flow chart showing details of the 
wafer process. Step 11 is an oxidation process for oxi- 
dizing the surface of a wafer. Step 1 2 is a CVD process 
for forming an insulating film on the wafer surface. Step 
13 is an electrode forming process for forming elec- 
trodes upon the wafer by vapor deposition. Step 14 is 
an ion implanting process for implanting ions to the wa- 
fer. Step 1 5 is a resist process for applying a resist (pho- 
tosensitive material) to the wafer. Step 16 is an exposure 
process for printing, by exposure, the circuit pattern of 
the mask on the wafer through the exposure apparatus 
described above. Step 17 is a developing process for 
developing the exposed wafer. Step 18 is an etching 
process for removing portions other than the developed 
resist image. Step 19 is a resist separation process for 
separating the resist material remaining on the wafer af- 
ter being subjected to the etching process. By repeating 
these processes, circuit patterns are superposedly 
formed on the wafer. 

[0203] From wafers exposed using these processes, 
high density microdevices can be manufactured. 
[0204] While the invention has been described with 
reference tothe structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 
come within the purposes of the improvements or the 



35 4. A stage mechanism according to Claim 2, wherein 
each of said third and fourth driving mechanisms 
comprises a linear motor. 

5. A stage mechanism according to Claim 1 , wherein 
40 said stage mechanism includes plural counter- 
masses each being said countermass. 

6. A stage mechanism according to Claim 1 , wherein 
said third driving mechanism is controlled so that a 

45 reaction force or a change in gravity center pro- 
duced due to the motion of the first stage is reduced 
by movement of the countermass. 

7. A stage mechanism according to Claim 2, wherein 
50 said fourth driving mechanism is controlled so that 

a reaction force or a change in gravity center pro- 
duced due to the motion of the second stage is re- 
duced by movement of the countermass. 

55 8. A stage mechanism according to Claim 1, further 
comprising compensating means for compensating 
a weight of the first stage and the countermass. 
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direction opposite to the second direction. 

18. A stage mechanism according to Claim 1 7, wherein 
said second driving mechanism includes a magnet 

s and a coil one of which is mounted on one of the 
second stage and the secondary countermass and 
the other of which is mounted on the other of the 
second stage and the secondary countermass, 
such that the secondary countermass moves in a 

10 direction opposite to the second stage. 

19. A stage mechanism according to Claim 16 ; further 
comprising compensating means for compensating 
a weight of the first stage and the countermass. 

15 

20. A stage mechanism according to Claim 1 9, wherein 
said compensating means has a connecting mech- 
anism for connecting the stage and the counter- 
mass. 

20 

21 . A stage mechanism according to Claim 20, wherein 
said connecting mechanism includes a pulley and 
a belt. 



9. A stage mechanism according to Claim 8, wherein 
said compensating means has a connecting mech- 
anism for connecting the stage and the counter- 
mass. 

10. A stage mechanism according to Claim 9, wherein 
said connecting mechanism includes a pulley and 
a belt. 

11. A stage mechanism according to Claim 10, wherein 
said pulley has a pulley diameter ratio substantially 
corresponding to an inverse of a mass ratio be- 
tween the first stage and the countermass. 

12. A stage mechanism according to Claim 9, wherein 
said connecting mechanism includes a cylinder 
mechanism. 

13. A stage mechanism according to Claim 12, wherein 
said cylinder mechanism is arranged so that the 
weight of the first stage and the weight of the coun- 
termass are balanced with each other. 

14. A stage mechanism according to Claim 1 3, wherein 
a sectional area of a piston for supporting the first 
stage and a sectional area of a piston for supporting 
the weight of the countermass, substantially corre- 
spond to a mass ratio between the first stage and 
the countermass. 

15. A stage mechanism according to Claim 1, further 
comprising a damper for supporting said stage sys- 
tem. 

16. A stage system, comprising: 

a first stage movable along a reference plane, 
containing a vertical direction, and in the verti- 
cal direction or in a first direction close to the 
vertical direction; 

a second stage movable in a second direction 
intersecting with the first direction and relative 
to the first stage; 

a countermass movable in the first direction; 
a first driving mechanism for moving the first 
stage in the first direction; and 
a second driving mechanism for moving the 
second stage in the second direction; 
wherein said first driving mechanism includes 
a magnet and a coil one of which is mounted 
on one of the first stage and the countermass 
and the other of which is mounted on the other 
of the first stage and the countermass, such 
that the countermass moves in a direction op- 
posite to the first stage. 

17. A stage mechanism according to Claim 16, further 
comprising a secondary countermass movable in a 



25 22. A stage mechanism according to Claim 21, wherein 
said pulley has a pulley diameter ratio substantially 
corresponding to an inverse of a mass ratio be- 
tween the first stage and the countermass. 

30 23. A stage mechanism according to Claim 20, wherein 
said connecting mechanism includes a cylinder 
mechanism. 

24. A stage mechanism according to Claim 23, wherein 
35 said cylinder mechanism is arranged so that the 
weight of the first stage and the weight of the coun- 
termass are balanced with each other. 



25. A stage mechanism according to Claim 24, wherein 
40 a sectional area of a piston for supporting the first 

stage and a sectional area of a piston for supporting 
the weight of the countermass, substantially corre- 
spond to a mass ratio between the first stage and 
the countermass. 

45 

26. A stage system, comprising: 

a stage movable along a reference plane, con- 
taining a vertical direction, and in the vertical 
50 direction or a direction close to the vertical di- 

rection; 

a countermass, balancing with a weight of the 
stage; 

connecting members for connecting the coun- 
55 termass to the stage; 

a pulley for supporting said connecting mem- 
bers; and 

an anti-vibration mechanism for reducing vibra- 
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tion to be propagated from said connecting 
members to the stage. 

27. A stage system according to Claim 26, wherein said 
anti-vibration mechanism is provided at one ot the 
connection between the connecting members and 
the countermass, and the connection between the 
stage and the connecting members. 

28. A stage system according to Claim 27, wherein said 
anti-vibration mechanism includes an elastic mem- 
ber. 

29. A stage system according to Claim 28, wherein said 
elastic member comprises a laminated rubber. 

30. A stage system according to Claim 26, wherein said 
anti-vibration mechanism includes an elastic mem- 
ber provided at one of a supporting portion for sup- 
porting a bearing of the pulley and the surface of 
the pulley. 

31 . A stage system according to Claim 26, wherein said 
anti-vibration mechanism comprises a rotary type 
static bearing for rotatably supporting a bearing of 
the pulley. 

32. A stage system according to Claim 26, wherein said 
anti-vibration mechanism includes an actuator for 
producing a force. 

33. A stage system according to Claim 26 ; further com- 
prising a static bearing device for maintaining the 
stage out of contact with the reference plane. 

34. A stage system according to Claim 26, wherein the 
stage comprises a two-dimensional stage movable 
two-dimensionally along the reference plane. 

35. A stage system according to Claim 34 : further com- 
prising a yaw guide for guiding the stage in the ver- 
tical direction, and a yaw guide static bearing for 
maintaining the stage out of contact with the yaw 
guide. 

36. A stage system according to Claim 26, wherein 
each of the connecting members comprises one of 
a steel belt and a steel wire. 

37. A stage system, comprising: 

a stage movable along a reference plane, con- 
taining a vertical direction, and in the vertical 
direction or a first direction close to the vertical 
direction; 

connecting members connected to the stage; 
a pulley for supporting said connecting mem- 
bers; 



a motor for rotationally driving the pulley and 
for compensating a weight of the stage; and 
an anti-vibration mechanism for reducing vibra- 
tion to be propagated from said connecting 
s members to the stage. 

38. A stage system according to Claim 37, wherein said 
anti-vibration mechanism is provided at the connec- 
tion between the stage and the connecting mem- 

10 bers. 

39. A stage system according to Claim 38, wherein said 
anti-vibration mechanism includes an elastic mem- 
ber. 

15 

40. A stage system according to Claim 39, wherein said 
elastic member comprises a laminated rubber. 

41. A stage system according to Claim 37, wherein said 
20 anti-vibration mechanism includes an elastic mem- 
ber provided at one of a supporting portion for sup- 
porting a bearing of the pulley and the surface of 
the pulley. 

25 42. A stage system according to Claim 37, wherein said 
anti-vibration mechanism comprises a rotary type 
static bearing for rotatably supporting a bearing of 
the pulley. 

30 43. A stage system according to Claim 37, wherein said 
anti-vibration mechanism includes an actuator for 
producing a force. 

44. A stage system according to Claim 37, further com- 
35 prising a static bearing device for maintaining the 

stage out of contact with the reference plane. 

45. A stage system according to Claim 37, wherein the 
stage comprises a two-dimensional stage movable 

40 two-dimensionally along the reference plane. 

46. A stage system according to Claim 45, further com- 
prising a yaw guide for guiding the stage in the ver- 
tical direction ; and a yaw guide static bearing for 

45 maintaining the stage out of contact with the yaw 
guide. 

47. A stage system according to Claim 37, wherein 
each of the connecting members comprises one of 

50 a steel belt and a steel wire. 

48. A stage system, comprising: 

a stage movable along a reference plane, con- 
55 taining a vertical direction, and in the vertical 

direction or a direction close to the vertical di- 
rection; 

a countermass, balancing with a weight of the 
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stage; 

connecting members for connecting the coun- 
termass to the stage; 

a pulley for supporting said connecting mem- 
bers; and 

an actuator for adjusting one of a tension force 
of and an effective length of the connection 
members. 

49. A stage system according to Claim 48, further com- 
prising control means for controlling said actuator 
on the basis of positional information about the 
stage. 

50. A stage system according to Claim 48, wherein said 
actuator is provided at one of the connection be- 
tween the connecting members and the counter- 
mass, and the connection between the stage and 
the connecting members. 



54. A stage system according to Claim 48, wherein the 
stage comprises a two-dimensional stage movable 
two-dimensionally along the reference plane. 

55. A stage system according to Claim 54 ; further com- 
prising a yaw guide for guiding the stage in the ver- 



containing a vertical direction, and in the verti- 
cal direction or in a first direction close to the 
vertical direction; 

a second stage movable in a second direction 
intersecting with the first direction and relative 
to the first stage; 

a first driving mechanism for moving the first 
stage in the first direction; 



a second driving mechanism for moving the 

second stage in the second direction; 

a countermass movable in the first direction; 

and 

s a third driving mechanism for moving the coun- 

termass in a direction opposite to the first direc- 
tion. 

58. An apparatus according to Claim 57, wherein said 
10 exposure apparatus comprises an X-ray exposure 

apparatus. 

59. An exposure apparatus, comprising: 

15 a first stage movable along a reference plane, 

containing a vertical direction, and in the verti- 
cal direction or in a first direction close to the 
vertical direction; 

a second stage movable in a second direction 
intersecting with the first direction and relative 
to the first stage; 

a countermass movable in the first direction; 
a first driving mechanism for moving the first 
stage in the first direction; and 
a second driving mechanism for moving the 
second stage in the second direction; 
wherein said first driving mechanism includes 
a magnet and a coil one of which is mounted 
on one of the first stage and the countermass 
and the other of which is mounted on the other 
of the first stage and the countermass, such 
that the countermass moves in a direction op- 
posite to the first stage. 

35 60. An apparatus according to Claim 59, wherein said 
exposure apparatus comprises an X-ray exposure 
apparatus. 

61. An exposure apparatus, comprising: 

a stage movable along a reference plane, con- 
taining a vertical direction, and in the vertical 
direction or a direction close to the vertical di- 
rection; 

a countermass, balancing with a weight of the 
stage; 

connecting members for connecting the coun- 
termass to the stage; 

a pulley for supporting said connecting mem- 
bers; and 

an anti-vibration mechanism for reducing vibra- 
tion to be propagated from said connecting 
members to the stage. 

55 62. An apparatus according to Claim 61, wherein said 
exposure apparatus comprises an X-ray exposure 
apparatus. 



20 

51 . A stage system according to Claim 48, wherein said 
actuator is provided at a supporting portion for sup- 
porting the pulley. 

52. A stage system according to Claim 48, wherein said 25 
actuator includes at least one of an air spring, an 
air cylinder, a linear motor and a piezoelectric de- 
vice. 

53. A stage system according to Claim 48 ; further com- 30 
prising a static bearing device for maintaining the 
stage out of contact with the reference plane. 



tical direction, and a yaw guide static bearing for 40 
maintaining the stage out of contact with the yaw 
guide. 

56. A stage system according to Claim 48, wherein 
each of the connecting members comprises one of 45 
a steel belt and a steel wire. 

57. An exposure apparatus, comprising: 

a first stage movable along a reference plane, 50 
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63. An exposure apparatus, comprising: 

a stage movable along a reference plane, con- 
taining a vertical direction, and in the vertical 
direction or a first direction close to the vertical 
direction; 

connecting members connected to the stage; 
a pulley for supporting said connecting mem- 
bers; 

a motor for rotationally driving the pulley and 
for compensating a weight of the stage; and 
an anti-vibration mechanism for reducing vibra- 
tion to be propagated from said connecting 
members to the stage. 

64. An apparatus according to Claim 63 ; wherein said 
exposure apparatus comprises an X-ray exposure 
apparatus. 

65. An exposure apparatus, comprising: 

a stage movable along a reference plane, con- 
taining a vertical direction, and in the vertical 
direction or a direction close to the vertical di- 
rection; 

a countermass, balancing with a weight of the 
stage; 

connecting members for connecting the coun- 
termass to the stage; 

a pulley for supporting said connecting mem- 
bers; and 

an actuator for adjusting one of a tension force 
of and an effective length of the connection 
members. 

66. An apparatus according to Claim 65 ; wherein said 
exposure apparatus comprises an X-ray exposure 
apparatus. 

67. A device manufacturing method, comprising the 
steps of: 



moving the countermass in a direction opposite 
to the first direction. 

68. A device manufacturing method, comprising the 
s steps of: 

applying a photosensitive material to a wafer; 
exposing the wafer by use of an exposure ap- 
paratus; and 
10 developing the exposed wafer; 

wherein the exposure apparatus comprises (i) 
a stage movable along a reference plane, con- 
taining a vertical direction, and in the vertical 
direction or a direction close to the vertical di- 
15 rection, (ii) a countermass, balancing with a 

weight of the stage, (iii) connecting members 
for connecting the countermass to the stage, 
(iv) a pulley for supporting said connecting 
members, and (v) an anti-vibration mechanism 
20 for reducing vibration to be propagated from 

said connecting members to the stage. 

69. A device manufacturing method, comprising the 
steps of: 

25 

applying a photosensitive material to a wafer; 
exposing the wafer by use of an exposure ap- 
paratus; and 

developing the exposed wafer; 
30 wherein the exposure apparatus comprises (i) 

a stage movable along a reference plane, con- 
taining a vertical direction, and in the vertical 
direction or a first direction close to the vertical 
direction, (ii) connecting members connected 
35 to the stage, (iii) a pulley for supporting said 

connecting members, (iv) a motor for rotation- 
ally driving the pulley and for compensating a 
weight of the stage, and (v) an anti-vibration 
mechanism for reducing vibration to be propa- 
40 gated from said connecting members to the 

stage. 

70. A device manufacturing method, comprising the 
steps of: 



applying a photosensitive material to a wafer; 
exposing the wafer by use of an exposure ap- 
paratus; and 45 
developing the exposed wafer; 
wherein the exposure apparatus comprises (i) 
a first stage movable along a reference plane, 
containing a vertical direction, and in the verti- 
cal direction or in a first direction close to the so 
vertical direction, (ii) a second stage movable 
in a second direction intersecting with the first 
direction and relative to the first stage, (iii) a first 
driving mechanism for moving the first stage in 
the first direction, (iv) a second driving mecha- 55 
nism for moving the second stage in the second 
direction, (v) a countermass movable in the first 
direction, and (vi) a third driving mechanism for 



20 



applying a photosensitive material to a wafer; 
exposing the wafer by use of an exposure ap- 
paratus; and 

developing the exposed wafer; 
wherein the exposure apparatus comprises (i) 
a stage movable along a reference plane, con- 
taining a vertical direction, and in the vertical 
direction or a direction close to the vertical di- 
rection, (ii) a countermass, balancing with a 
weight of the stage, (iii) connecting members 
for connecting the countermass to the stage, 
(iv) a pulley for supporting said connecting 
members, (v) an actuator for adjusting one of a 
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tension force of an effective length of the con- 
nection members. 

71. A stage system for moving an object in two direc- 
tions in a substantially vertical plane ; comprising a 
first stage movable in a first direction in said plane, 
a second stage for supporting said object, the sec- 
ond stage being movable relative to the first stage 
in a second direction in said plane; 

a first countermass movable in said first direc- 
tion in said plane; and 

a second countermass movable relative to said 
first stage in said second direction; 
wherein the first stage and first countermass 
are constrained to move in opposite senses, 
and the second stage and second countermass 
are constrained to move in opposite senses. 
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